Meunier, and Macadre 1994). DNA manipulations and sequencing were performed according to standard procedures (Sambrook, Fritsch, and Maniatis 1989) . The nucleotide sequence of the VARI-tRNAPhe junction region has been obtained from the analysis of a 2,500-bp HincII-Taq I fragment of mtDNA from strain KS 158/3-2/BIE2 and the nucleotide sequence of the tRNAProtRNA@ junction has been obtained from a 2,800-bp EcoRI-BamHI fragment from strain SD12. The mtDNA of strain 4707/22D has been used as template for the amplification of the orilrep sequences with primers ORI-C (5 '-TAGGGGGAGGGGGTGGGTGAT-3 ' ) and ORI-A (5'-GGGGGTCCCAATTATTATTTTCAATAA-TAATT-3').
The sequence alignments have been obtained with the FASTA and PILEUP programs of the University of Wisconsin Genetics Computer Group (UWGCG) (Devereux, Haeberly, and Smithies 1984) ; potential secondary structures have been determined by comparing the minimum-energy structures produced by the FOLD program from the UWGCG package.
Previous results have shown that the major difference between the structural organizations of the mt genomes in S.c.and S.d. is the position of a 15-kb region, which is located between VARl and LSU-rRNA in S.d. and between COXZZ and COXZ in S.C. (see fig. 1 ). Hybridization experiments have also shown that a portion of the translocated region, containing SW-r-RNA, is situated on opposite strands in the two yeasts (Tian et al. 1991) .
In order to better comprehend the mechanisms mediating the structural variability of mitochondrial genome organization in yeast, we have analyzed the ends of the genomic fragments whose positions differ in S.d. and in S.C. In the following pages we use the term "junction" to indicate the intergenic regions flanking these fragments.
The sequences of two such junctions in S.d. are reported in figure 2. One is the 730-bp region located between VARl and tRNAphe ( fig. 2A ) and the other is the 720-bp region between tRNApro and tRNAtrp ( fig. 2B) .
The nucleotide sequence of the region between VARl and tRNAphe in S.d. was compared with the sequences of S.C. that are located, respectively, downstream of the VARl and upstream of the tRNAphe genes ( fig. 2A ). As expected, the conservation of these A+T-rich intergenic sequences is poor in comparison to that of the genes. The 650 bp following VARl cannot be reliably aligned, although the 120 bp preceding tRNAphe are very similar between the two species. Both sequences contain, at about 500 nucleotides from the VARl stop codon, a dodecanucleotide consensus sequence, which is a signal of mRNA processing in yeast (Osinga et al. 1984) . A unique feature of the S.d. sequence is the pres- ence fig. 2A ). Several C(T),, sequences are localized immediately upstream and downstream of these boxes. In S.d. about 80 bp separate the second dodecanucleotide from the nonanucleotide TTATAAGTA (also boxed in fig. 2A ) which should be the initiation signal for the transcription unit that includes the tRNAphe and, possibly, also the tRNAVur and the COXIII genes (Edwards et al. 1983; Tabak et al. 1983 ). Some 285 bp from the VARl stop codon lies a G+C-rich cluster (double underlined in fig. 2A ) having the potential to form a stable stem-and-loop structure (free energy = -11.6 kcal/ mol).
As for the tRNApro-tRNArrp junction, we ascertained that, in S.d., a segment comprising tRNAQ (and also SW-T-RNA and a sequence very similar to the orilrep sequences of S.C., see below) has opposite orientation of that of the surrounding genes ( fig. 1 ). This inversion creates an intergenic region flanked by tRNAPro and tRNAQ placed on opposite strands. The sequence of the A+T-rich region of 720 bp that separates tRNApro and tRNAfrP in S.d. is reported in figure 2B . This region contains 3 G+C-rich clusters (double underlined in fig. 2B ) potentially able to fold in stable stem-and-loop structures (free energy = -18.9, -13.8, and -10.6 kcal/mol, respectively, starting from the uppermost one). The nucleotide sequence of this region was compared with the sequences of S.C. that are located, respectively, downstream of tRNApro and tRNAQ. Besides the two tRNA genes, no significant sequence similarities can be found between the two yeasts, and the alignment has thus been omitted. A side observation is that the tRNApro gene of S.d. has a transition G+A at position 44; this remains the only sequence divergence observed up to now between the mt tRNA genes in the two yeasts (16 tRNA genes of S.d. have been sequenced; unpublished data). The affected position is localized in the extra arm of the conventional cloverleaf structure, suggesting that the substitution does not affect the functionality of this tRNA.
The analysis of these two junctions has revealed the presence of elements capable of secondary structures (i.e., tRNAs and G+C-rich clusters). This observation led us to search the mt genome of S.d. for the presence of other structured elements, in particular of sequences similar to the replication origins of S.C. (orilrep sequences; Blanc and Dujon 1980; de Zamaroczy et al. 1984) . These contain a basic 260-bp-long sequence composed of three conserved G+C-rich clusters separated by A+T-rich sequences that also are well conserved. We used two oligonucleotides, ORI-A and ORI-C, complementary to the ends of the basic orilrep sequences of S.C. as primers for the amplification of similar sequences from the mt DNA of S.d. The product of the amplification reaction has an electrophoretic mobility corresponding to about 260 bp. This product was used as a probe ("ori probe") for Southern hybridization to localize the orilrep-like sequences on the mt genome of S.d. This procedure enabled us to identify at least six orilrep-like sequences (see fig. 1 ). The orientation of these sequences (i.e., cluster C + cluster A, as indicated by Baldacci and Bernardi 1982) was determined by double digestions of mtDNA with diagnostic restriction enzymes whose map position is known (Tian et al. 1991) , followed by hybridization with either the "ori probe" or only the primer ORI-A. It is worthwhile to notice that one of these sequences is situated, in both species, at one end of the segment that has undergone an inversion. The amplification product was cloned and the nucleotide sequences of 40 independent clones were determined; six different orilrep-like sequences were identified. The alignment of the S.d. sequences with the known eight orilrep of S.C. has shown that these sequences are highly conserved between the two yeasts; this suggests that they could act as replication origins also in S.d.
A translocation and an inversion are the most important differences observed in the two studied genomes: as already observed in the comparison of other mt genomes of yeasts, rearrangements seem to be the major source of divergence (Clark-Walker 1992) . Moreover, the presence at the junctions of the differently located regions of elements that potentially display secondary structures such as tRNAs, G+C-rich clusters, and orilrep sequences suggests an involvement of such structures in the translocation events. tRNA genes have often been noticed as genomic landmarks in events of DNA rearrangement or mobility in bacteria (Reiter, Palm and Yeats 1989) , yeast (Boeke and Sandmeyer 1991) , and slime molds (Marschalek et al. 1989) ; tRNA genes and G+C-rich sequences able to form stem-andloop structures have been associated with duplications in animal mt DNA (Stanton et al. 1994) ; recombination events between G+C-rich clusters are involved in the generation of some rho-mutants (Dieckmann and Gandy 1987) and in macrodeletions of mtDNA in S.C. (Weiller et al. 1989 ).
Our results demonstrate the relevant role of gene rearrangements in mt evolution of yeast and indicate the importance of sequences having the potential to form stable stem-and-loop structures in the genesis of these rearrangements.
It is also important to point out that the translocation events do not appear to alter the structure of the transcription units known to be active in S.C. and this suggests that functional constraints might limit the range of possible rearrangements.
The relative position of sequences almost identical to the orilrep of S.C. is also conserved in S.d.
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